Globus Quick Start Guide

Globus Software Version 1.1.3and 1.1.4 June 2001

@egmhus project




The Globus Project is a community effort, led by Argonne National Laboratory and the
University of Southern California’s Information Sciences Ingtitute. Globus is devel oping the
basic software infrastructure for computations that integrate geographically distributed
computational and information resources.

© 1999, 2000, 2001 by the University of Chicago and the University of Southern California

All rights reserved except that you are permitted to make copies of this documentation as long
as the copyright and other notices written in the documentation are preserved.

All brand and product names are trademarks or registered trademarks of their respective
holders.

The University of Chicago and the University of Southern California give no warranty,
express or implied, for the software or documentation provided, including, without limitation,
warranty of merchantability and warranty of fitness for a particular purpose.

This document was produced as a community effort by the Information Power Grid (IPG)
group at NASA Ames Research Center, Code IN; the San Diego Supercomputer Center;
Argonne National Laboratory; the National Computational Science Alliance; and the
University of Southern California’s Information Sciences Institute.

Please report errorsin this document to documentation@aglobus.org

Thisguideisavailablein HTML at http://www.ipg.nasa.gov/ -- User Support --
Documentation

Globus Quick Start Guide

Software Version 1.1.3& 1.1.4 June 2001


http://www.ipg.nasa.gov/

Contents

Chapter 1 Extremely QUICK Start ...........ccccoooiiiiiiiiiee 7
Chapter 2 INtrodUCHION ..........oeviiiiiiiie e 8
WHhat @re GridS? ...eeeeie ittt e e e s e e e e e e e 8
What IS GIODUS? ... e 8
GIODUS FEATUIES .....eeieiiiii it e e 9
TESIDEUS. .. 9
The Integrated Grid ArChiteCIUre ..........c.eeveiiiiiiiii e 9
Grid Fabric: Layer ONE .......cccvviiiiee et e e e e 10

Grid ServiCes: LAYET TWO......ocuurieiiiiiie ittt e sttt 10
Application ToolKits: Layer Thre€........ccoviicciiiieie e 10
Specific Applications: Layer FOUT...........cccoviiiiiiiiiiiee e 11
Purpose of This DOCUMENL............uuiiieiiiiiiiiiiie e s e e 11
Support and Usage Help ... 11
ADOUL thiS GUIAE .....eiiiiiiiiii i e 11

0 o 11T o[ = SRR UUTPUPRRR 11
ASSUMPLIONS ..eeieeeiiiiiieeie e e e e e s e e e e e s s e e e e e e s et e e e e e e e snnrereeeeeeeseannneees 11
Organization and CONVENTIONS..........ooiiuuiiiiieeee i 12

How to Use This Manual Onling ...........ccccovviiieiniiiieiiee e 12
Chapter 3 Grid CertifiCate .........cooeeeeiiiiiiiiiie e 13
Why You Want @ CertifiCate ..........oooiuiiiiiiiieiiieeee e 13
Grids and LOCal ACCOUNLS ......cooiuiiiiiiiiiiie ittt 13
Your Globus Home and Remote Machines ...........cccccceeiiiiiiiieeiie e 14

Set Your Environment and Path............cccoiiiiiiiin e 14
Grid CertifiCatiON.........oi e 15

(O a1 Tod (T a o Y =T £ T o PR 16
grid-mapfiles and Certificate TeSt .......ccuiiiiiiiiiii e 16
L= T= 1o 1Y (o TN U ] o PSSP 16
Chapter 4 Proxy Credential ............cocoivieiiiiiiiiiiie e, 17
Obtaining a Proxy Credential...............oooiiiiiiiiiii e 17
Using the grid-proxy-init Command............cccccveeeiiriiiieiee e 17
DESIIOYING @ PrOXY ..cccii ittt 17
Determining Your ProXy STAtUS...........ocueieiiiiiee et 17
Chapter 5 RUNNING @ JOD....cooviiiiiiiii e 18
Commands to RUN @ JOD ... 18

Globus Quick Start Guide

Software Version 1.1.3& 1.1.4 June 2001



GIODUS-JOD-TUN ..o 18

globUS-JOD-SUBMIL ....eviiiie e 18
GIODUSIUN ..o e 18

0] 011 USSR 18
GIODUS-SN-EXEC .. 19
Are YOU Ready t0 RUN? ... e e n e e e 19
HOSE INFOMMALION ... e e 20
globus-job-run: HEllo WOrld..........ccvviiiieeei e 20
globus-job-run With Files ........ccoiiiii e 21
Staging FllES ..o 21
NUMDENNG ArQUMENTS ....coiiiiiiiiiiiiie et 22
Subjobs and Multiple CommMAaNdS.........ccceeiiiiiiiiiiiee e 22
SUDBJODS ... 22
Multiple CoOMMANAS ......ccooiiiiiiieeee e 23
Batch JOb SUDMISSIONS ....coiiiiiiiiiee e 24
(o] [o] 0 10 ] U o OSSR 25
Using the globusrun Command .............eeiiiiiiiiiiiiiiieee e 25
Checking, Killing, Retrieving, and Cleaning JObS...........ccccccveveiiiiciiieeee e 26
Is My Job Running? What is My JOD ID? ..o 26
REtrEVING OULPUL ....ciii it e e e e srrre e e e e e e e e snrnaee s 26
KIllING @ JOD .. 27
Canceling/Cleaning @ JoD ..........cooveiiiiiiiiiiic e 27
Default JOD MANAGETS .....coiiiiiiiiiii e 28
What Happens When You Submita Job ..o, 28
Globus Resource Allocation Manager .........c.couiuiieieieeniniiiiieee e 29
Dynamically Updated Request Online Co-allocator...........ccccccveeeevicnvennenn. 29
Chapter 6 Globus Resource Specification Language (RSL)....... 30
PracCtiCal RSL.....ccoi it a e ee s 30
RS SYNTAX. it e et ——— 31
GRAM AHIDULES ..ot 31
Resource Co-alloCation ...........cc.eeiiiiieiieiiiiie e 32
Additional INfOrMatioN............oouuiiiiiie e 32
RSL With Shell SCrIPL....ueviiiie e 33
The First SNell SCHPL......cviii e 33
The RSL FlE ... 33
The Second Shell SCHPL ... 33
Chapter 7 Grid Information ServiCe ..........cccoeveeeeeiieeiiiiiiieeeeeeeeennnns 34
LI 2011 L0 ] (o | OO 34
TOOIS .ttt e e e e e aaaa e 34

Globus Quick Start Guide

Software Version 1.1.3& 1.1.4 June 2001



Orid-INfO-SEAICH ... 34

Chapter 8 Accessing Remote Data ...........cccoeeeevveviiiiiiiiiiieeeeeeeennns 36
(NS TS T @] o] 1 0] o 1SS 36
GIODUS-TCP . 36
OI0DUS-ASS-SEIVET ...eeiiiei e ittt e e e e e e e e e r e e e e e s nnnrees 36
GIODUS-UI-COPY it 36
Chapter 9 Globus Commands ...........cccovvviiiiiiiiieeeeeeece e, 38
(€[] o TN ES 0 0 0 T I Yo RSP SSS 38
SBCUNEY .ttt ettt e e et e e s e e e 38

JOD SUDMISSION ... e 38
Information SErVICES ... 39

L@ 1 1= T o o] £ R 39
Chapter 10 Bibliography and Reference..........cccccoooeevviiiiiiiinnnnnnnn. 41
Web and EMail RESOUICES........uuuuuiuiiieiiiiiiirieisieisieieiererererererererrrerr—————————. 41
TECNNICAl PAPEIS....cciiiii ittt e e e e e e e e s s e e e e e e e enans 41

I (Sl T I = To T PSP PP PRPPPPPPN 41
Chapter 11 GlOSSArY ......ccouuiiuiiiiiieeeeeeeeeeiiie e e e e e e e e e e e eeeeanes 42
(O gF=T o) (=T g 2 [ Vo [ SRR 44

Globus Quick Start Guide

Software Version 1.1.3& 1.1.4 June 2001



Summary of New Features in Globus 1.1.3

Release 1.1.3 of the Globus Toolkit provides a more scalable and flexible Grid Information
Service (GIS), aso known as MDS, and streamlined interfaces for the Globus Resource
Allocation and Management (GRAM) tools. Additionally, release 1.1.3 includes a new version
of the globus io library with significantly improved performance. The following differences
affect the user interface:

* grid-cert-request: Severa organizations now have their own
Certificate Authority (CA). Ask your local Globus administrator for
information on obtaining a Certificate. See page 15.

*  Resource contact strings for “fork” services are no longer routinely suffixed
with/ j obmanager - f or k. If you do not specify ajob manager in your
gl obusr un, gl obus-j ob-run, or gl obus-j ob- subm t command, your
job will be submitted to the default job manager on the remote system,
which is often fork. If you want to specify a non-default job manager, do so
by appending / j obmanager and the name of the job scheduler, such as
/ j obmanager - | sf or /j obmanager - pbs, to the hostname. See page 28

* GIS/MDS: The Globus group no longer runs a centralized MDS server.
Each site optionally will have its own organization server, which is used for
any grid-info commands. See page 34.

Known Deficiencies in 1.1.3

When using the Globus Toolkit on IRIX systems, thesproc_npi and pt hr eads_npi
libraries are not built properly. We do not recommend using these libraries on IRIX with
Globus 1.1.3. Thisproblem is corrected in 1.1.4.

Summary of New Features in Globus 1.1.4

Release 1.1.4 of the Globus Toolkit provides support for MPICH-G2, a new grid-enabled MPI
implementation.

The MPICH-G2 release requires minor optimizations and bug fixes to the Globus data
conversion library, globus io library, and GRAM components. These changes are all
backward-compatible with previous versions of the Globus Toolkit. There are no changesto
Globus protocols or APIs.

If you do not intend to use MPICH-G2, there is no reason to install release 1.1.4 of the
Toolkit. If you areinstalling the Globus Toolkit for the first time and you don’t expect to use
MPICH-G2, we recommend that you install release 1.1.3. Release 1.1.3 remains a fully-
supported version of the Globus Toolkit.

Coming soon: Globus 2.0 is in alpha testing now.
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Chapter 1 Extremely Quick Start

Here are the briefest instructions for getting started with Globus Version 1.1.3 or 1.1.4.
1. Get accounts on Globus-enabled machines. See page 13 for contact information.
2. Login to a Globus-enabled machine.

3. Set up your environment and path, if necessary.

4. Askyour local Globus administrator for information on obtaining a Certificate.
See page 13 for contact information.

5. Enter gri d- proxy-i nit; enter passphrase when asked.

6. Enter gl obusrun —a -r <host name> to test that Globusis running on that
host.

7. Enter gl obus-job-run <hostname> /bin/echo "Hello World."

8. Use<gl obus command> - hel p for information on Globus commands.
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Chapter 2 Introduction

Grids are super Internets for high-performance computing: worldwide collections of high-end
resources—such as supercomputers, storage, advanced instruments, and immersive
environments. These resources and their users are often separated by great distances and
connected by high-speed networks.

The Globus devel opment team has created a set of underlying Grid services and a software
toolkit for using the geographically distributed resources on Grids.

This chapter contains background information only, no instructions. This manual assumes you
know Unix. The "% sign represents the Unix prompt in examples.

What are Grids?

Grids bring together geographically and organizationally dispersed computational resources,
such as CPUs, storage systems, communication systems, real-time data sources and
instruments, and human collaborators. If you are developing an application that requires
geographically distributed high-end resources, you will want to know about Grids. Grids are
new—many of the enabling technologies have not yet been invented. If you are reading thisin
the early 2000s, you are one of the Grid pioneers.

Current testbed Grids will eventually become "the Grid." In much the same way that the
nationwide electric power grid connects sources of electricity, the information Grid will
connect sources and users of high-performance computing cycles, allowing these cyclesto be
generated in one place and used in another. Remote collaborators will work together on large-
scale projects. Scientistswill be able to access extremely data-intensive instruments from
across the country, in real time.

The goal of the Grid community isto provide dependable, consistent, pervasive access to
high-end resources.

What is Globus?

The Globus software toolkit facilitates the creation of usable Grids, enabling high-speed
coupling of people, computers, databases, and instruments. With Globus, you can run your
gigabyte-per-time-step dataset job on two or more high-performance machines at the same
time, even though the machines might be located far apart and owned by different
organizations. Globus software helps scientists deal with very large datasets and complex
remote collaborations.

Globus software is used for large distributed computational jobs, remote instrumentation,
remote data transfer, and shared immersive spaces. For example,
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* Globusused in live runs at the world’ s brightest x-ray source :
http://www.mcs.anl.gov/~laszewsk/xray/cmt/gallery/

e Distributed supercomputing, smart instruments, teleimmersive applications:
http://www.globus.org/overview/applications.html

Globus Features

Globusis designed to offer features such as uniform access to distributed resources with
diverse scheduling mechanisms; information service for resource publication, discovery, and
selection; APl and command-line tools for remote file management, staging of executables
and data; and enhanced performance through multiple communication protocols.

Testbeds

Grids are acommunity effort. University, commercial, and government computer science
communities contribute to the development of Grids. Significant testbeds are up and running.

Grids use Globus services to provide uniform access to alarge collection of resources for a
particular Grid community. There are many Gridsin progress. Work is ongoing to enable
interoperation of these various testbeds; however, most likely you will be using one particular
testbed.

Thefirst testbed was GUSTO. The major current testbeds are the National Technology Grid
and the Information Power Grid. See Grids and Local Accounts, page 13, for contact
information.

The Integrated Grid Architecture

Applitatinns HlEh E"HEI'. [asm ﬂl':lgl"' Chemical Llimate | Lombustion :
Physics Engineering

APF“:H’P'““ Remote Remate CoMlaboratores |  Portaks Remote
Toolkits Computation| Visualization N Sensons
Grid Protocols, authentication, policy, instrumentation,
Services resource management, discovery, events, etc.
Grid - z
) Storage, networks, computers, display devices, etc.
Fabric and their associated local services
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Grid Fabric: Layer One

The fabric of the Grid comprises the underlying systems, computers, operating systems,
networks, storage systems, and routers—the building blocks.

Grid Services: Layer Two

Grid services integrate the components of the Grid fabric. Examples of the servicesthat are
provided by Globus:

GRAM

The Globus Resource Allocation Manager, GRAM, isabasic library service that provides
capabilities to do remote-submission job start up. GRAM unites Grid machines, providing a
common user interface so that you can submit a job to multiple machines on the Grid fabric.
GRAM isageneral, ubiquitous service, with specific application toolkit commands built on
top of it.

GIS

The Grid Information Service, GIS, also known as the Metacomputing Directory Service,
MDS, providesinformation service. (The terminology is still being discussed.) Y ou query GIS
(MDS) to discover the properties of the machines, computers and networks that you want to
use: how many processors are available at this moment? What bandwidth is provided? s the
storage on tape or disk? Isthe visualization device an immersive desk or CAVE? Using an
LDAP (Lightweight Directory Access Protocol) server, GIS provides middleware information
in acommon interface to put a unifying picture on top of disparate equipment.

GS

The Grid Security Infrastructure, GSI, isalibrary for providing generic security services for
applications that will be run on the Grid. Application programmers use the gss- api library
for adding authentication to a program. GSI provides programs, such asgr i d- pr oxy-i ni t,
to facilitate login to a variety of sites, while each site hasits own flavor of security measures.
That is, on the fabric layer, the various machines you want to use might be governed by
disparate security policies; GSI provides a means of simplifying multiple remote logins. The
information in this guide is based on a PK| security system; the Kerberos installation of
Globusis not covered.

Application Toolkits: Layer Three

Application toolkits use Grid Services to provide higher-level capabilities, often targeted to
specific classes of application.

For exampl e, the Globus devel opment team has created a set of Grid service tools and a
toolkit of programs for running remotely distributed jobs. These include remote job
submission commands (gl obusr un, gl obus-j ob- subnmi t, gl obus-j ob-run), built on top
of the GRAM service, and MPICH-G2, a Grid-enabled implementation of the Message
Passing Interface (MPI).

A number of groups are also developing a range of other toolkits such as support for
distributed management of large datasets, collaborative visualization, and online
instrumentation. These are not discussed in this document.

Globus Quick Start Guide 10
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Specific Applications: Layer Four

A rich variety of applications have been devel oped that build on services provided by the three
layersjust described. For example, OVERFLOW is athin-layer Navier-Stokes flow solver for
structured grids that has been modified to operate on multiple supercomputers via the use of
MPICH-G2.

Other application areas being targeted to the Grid include high-energy physics, cosmology,
chemical engineering, climate, combustion, and astrobiology.

Purpose of This Document

This Globus Quick Sart Guide tells you how to get started using Globus Grid services and the
tools built on top of those services to build applications to exploit geographically distributed
resources. Theinstructions herein are brief and do not take you much past “Hello World,” but
do provide the essentials required to get started.

Support and Usage Help

Address questions to your local system administrator. Also refer to the Bibliography and
Reference on page 41. For usage information about any Globus command, type the command
with the - hel p or - usage option:

% <gl obus- command- nane> -hel p
% <gl obus- conmand- name> - usage

All programs have a man page with more elaborate explanations than provided by -hel p or
- usage. http://www.globus.org/vl.1/programg for information.

About this Guide

Audience
This guide isintended for novice Globus users.

Assumptions
Before you start using Globus, you will need to fulfill these basic requirements:

Know Basic Unix

This manual assumes that you know at least the fundamentals of Unix. Y ou can find good
Unix information at http://www.ugu.com/sui/ugu/show?help.beginners. Like Unix, Globusis
case sensitive, but Globus Resource Specification Language (RSL) attribute names are not.

GlobusIsInstalled
Y ou probably will find Globus aready installed on your Grid resources.

Globus provides distinct server and client software. Server software is intended for machines
with remote access by a variety of users; server software is usually installed only on high-end
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resources. Client software isfor personal computers. At some institutions, Globusisinstalled
on the fileservers for personal workstations, at other institutions, users ssh into machines
running Globus. On the major Grids, you do not have to download any software to run
Globus.

Theinformation in this guide is based on a PK1 security system; the Kerberos installation of
Globusis not covered.

Organization and Conventions

The chapters are presented in step-by-step sequence. Only the bare essentials are included. A
glossary defines terms. Globus commands start with gl obus or gri d. “Resources’ refersto
computers, instruments, or other machines (as opposed to data).

Conventions used in this guide:
% Unix prompt; do not enter

<italics> information to be substituted. For example, <src-dir> means enter in your source
directory pathname. Also used for emphasis.

[ ] parameters that sometimes may be omitted

\ indicates that a command line continues on the next line

How to Use This Manual Online

If you are reading the PDF version online, use the button marked witha T or ABC to make
text selectable; then you can copy the examples and paste them into your Unix command line.
Be careful not to copy the backslashes (\ ) into the middle of your command lines. Also watch
for disappearing hyphens (-).

Globus Quick Start Guide
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Chapter 3 Grid Certificate

In this chapter, you obtain a Grid Certificate to have single sign-on access to al of the Grid
machines on which you have accounts. Y our Grid Certificate is like a passport; it establishes
your identity. Thisiswhat you do:

*  Obtain accounts on geographically distributed machines.

e Check, and if necessary, set your GLOBUS INSTALL_PATH environment
variable and your path to Globustools.

*  On thewebsite for your Grid, follow instructions for obtaining a certificate.

Why You Want a Certificate

With a Grid certificate, you only have to enter your password once per Globus session. The
Grid certificate is like a passport. At first, you take the time to establish your identity to the
proper authorities, and then you are issued a certificate and private key. The certificate and

key give you geographically distributed access. Y ou can use remote Grid machines without
reentering your password. Y ou do not have to reestablish your identity at each "border."

Grids and Local Accounts

Before using Globus, you will need to get accounts on the Grid computers you plan to use.
The two major testbeds for Globus are listed below; many other Grids are being formed. You
can start your own Grid with the information in the Globus Toolkit 1.1.3 System
Administration Guide available at http://www.globus.org/tool kit/documentation/

If You Already Have One or More Accountsat One of The Institutions Below

If you already have aregular account, you still need to apply for Grid accounts; these will give
you access to additional machines. Go to the website (see below) and follow instructions.

If You Do Not Already Have a Regular Account

Getting a new account is non-trivial, and will take at least a few days. The more compute
cycles you request, the more complicated the process.

Whereto Apply

* |PG, the Information Power Grid—thisis NASA’ s testbed for Grid
research. See http://www.ipg.nasa.gov/ — Basic Usage — IPG Quick Start
Guide. IPG includes NASA Langley Research Center, NASA Glenn
Research Center, and NASA Ames Research Center/NAS.

Globus Quick Start Guide 13
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* National Technology Grid—thisisthe testbed created by the National
Computational Science Alliance (NCSA) and the National Partnership for
Advanced Computational Infrastructure (NPACI).

To apply for NCSA accounts, see http://access.ncsa.uiuc.edu/
or send email to allocations@ncsa.uiuc.edu

For NPACI, see http://www.npaci.edu/Globus/quickstart.html and
http://mww.npaci.edu/Globus/

Your Globus Home and Remote Machines

Set Your

Pick a machine to be your Globus home machine.

Y our Globus home is the machine where your user cer t . pemand user key. pemfileswill
reside. When you apply for your Grid Certificate, do so from a machine that you have chosen
to be your Globus home; your certificate and key (. pemfiles) will be installed there.

How Globus is deployed and installed varies from ingtitution to institution. At SDSC and
NASA, the Globus server is deployed on several high performance machines, and the Globus
client isinstalled on several hundred workstations. Most users run Globus commands from
their workstations, and their workstations are their home machines. The client machines
submit jobs to be run on the servers where Globus is deployed.

Globus commands allow you to run executabl es on remote machines from your home
machine. Y ou only log in once, and you can run jobs on machines all over the country. Globus
offers remote access without login. You only need to have your certificate and key (. pem
files) on one machine, and that is your Globus home machine.

Y ou can have more than one home. If for some reason you want to log onto a remote machine
and run executables from there, you will need to copy your .gl obus directory to the remote
machine, and reset the remote . pemfile permissions, as described in Step 3, page 16.
Permissions often change when you copy the files. But the point of Globusis that you can use
remote machines without logging in.

Y ou do not have to download any software in order to run Globus. If the Globus client is not
installed on your workstation, simply login to a machine where Globus is installed.

Environment and Path

Thisisacritical step! Perhaps your kind and thoughtful system administrators have doneit for
you. To find out, on your Globus home machine (see above), type:

% whi ch gl obus-j ob-submi t

If you get aresponse that |ooks something like:

/ sof t war e/ gl obus-1. 1. 3/ rel ease/ t ool s/ m ps-sgi-irix6.5/bin/gl obus-job-
submi t

your path and environment variable have been set for you. If not, you will have to work with
your system administrators to get it right. Y ou need to set the GLOBUS INSTALL_PATH
environment variable, and add the Globus tools directory to your default search path. This
path varies per system.

Globus Quick Start Guide
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NOTE: Your previous Globus settings may create havoc. Get rid of them.

Y ou can use the following commands within your Unix shell, or add them to your own dot
files. Substitute <pat h> with the path to where Globusisinstalled on your system:

(csh, tcsh):
setenv GLOBUS_| NSTALL_PATH <pat h>
source $GLOBUS_| NSTALL_PATH et ¢/ gl obus- user - set up. csh
(bash, ksh):
export GLOBUS_ | NSTALL_PATH=<pat h>
$GLOBUS_| NSTALL_PATH et c/ gl obus- user - set up. sh
sh
(s GLOBUS | NSTALL_PATH=<pat h>
export GLOBUS | NSTALL_PATH
$GLOBUS_| NSTALL_PATH et c/ gl obus- user - set up. sh

Look at your path by using the echo command. Check to see that there is no older Globus path
preceding the new one; if thereis an older path, remove it or move it to after the new one.
Failureto fix thiswill give you older versions of Globus commands.

% echo $PATH
% echo $GLOBUS | NSTALL_PATH

Grid Certification

Once you have Grid accounts and have set your environment and path, you are ready to apply
for a Grid Certificate.

Step 1—Apply and Retrieve

New in Version 1.1.3: Most of the Grid organizations that run Globus software now have
their own Certificate Authority (CA). For information on how to obtain a certificate, see the
websiteslisted in Grids and Local Accounts, page 13.

Whatever method you are using to get a Certificate, apply from your Globus home (see page
14). Follow all instructions presented by the certification program. When asked to enter a pass
phrase, use at least 8 characters, including mixed-case apha characters and at least one
numeral or punctuation mark; you can enter awhole long phrase.

NOTE: You arethe only person or thing that knows your pass phrase. Do not forget it! No
one can retrieve it for you later. If you forget your pass phrase, start over (new certificate).

Globus CA --If for some reason you need to get a certificate from the Globus CA, as opposed
to your own Grid's CA, login to your Globus home computer and execute the
grid-cert-request command, then respond as directed.

Step 2—Save Your Certificate if Necessary

Your user cert. pemand user key. pembelong in your . gl obus directory on your Globus
home machine (see page 14); your application procedure includes instructions for this. M ost
application programsdo thisfor you. The . pemfiles contain your signed public key and
certificate, now saved where Globus knows to find them.
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Step 3—Change Permissions

Change permissions on . pemfilesin your . gl obus directory. Enter I s -1 tolist your files.
Use the chnod command to change permissions:

% chnod 400 userkey. pem
% chnod 444 usercert. pem

Checking Version

The commands in this book are based on Globus 1.1.x. To check your version, enter:

% gl obus-versi on

If you are not getting a valid version number such as 1.1.3, see Setting Environment and Path,
page 14.

grid-mapfiles and Certificate Test

There is something called the grid-mapfile on every Globus resource. In order for you to use
that resource, your subject name from your cer ti fi cat e. pemfile must be added to the grid-
mapfile. Some institutions do this automatically, some have a command for you to do it, some
have an administrator who will do it eventually. To check if you are in the grid-mapfiles, from
your home machine, enter:

% gl obus-set up-test <hostnane>
For example:

% gl obus-setup-test tfglobus.sdsc. edu

Y ou will be asked to enter your PEM pass phrase; that is the pass phrase you gave when
applying for your credential. If you get through

Checki ng user proxy setup ............... done,

your credentials are OK. Congratul ations!

Otherwise, your subject name has not yet been added to the grid-mapfile. If you get

..Fai | ur e later in the response, there may be a system problem, or maybe gl obus- set up-
t est isnot working (problems have been reported with gl obus- set up-t est in some
installations).

Ready to run

You are done. After you have successfully run gl obus- set up-t est, you areready to get a
Grid proxy, which is easy and instant. See next page. Don't forget that pass phrase. As you run
into bumps in the road, remember that you are a Grid pioneer. Do not expect all the roadsto
be paved. (Do not expect roads.) Grids do not yet run smoothly.

Globus Quick Start Guide 16
Software Version 1.1.3 & 1.1.4 June 2001



Chapter 4 Proxy Credential

In this chapter you obtain a Globus proxy by typing gr i d- pr oxy- i ni t . The proxy gives you
single sign-on capability for 12 hours (default). While your proxy is active, you can log into
any Grid resource without reentering your pass phrase.

The command gri d- proxy-info —al | displays contents/status of your proxy credential.

Obtaining a Proxy Credential

When you have obtained accounts on some Grid testbed machines, and have a Grid Certificate
properly saved (see previous chapter), you are ready to get a proxy. Basically, the proxy
activates your Grid Certificate for alimited time. The Globus proxy is based on a public key
security method that allows single sign-on anywhere a user has accounts on a Grid. One proxy
isgood for 12 hours (default). When you start another session on another day, you get a new

proxy.

Using the grid-proxy-init Command

At your system prompt, enter gri d- pr oxy-i ni t and you are prompted for your Globus pass
phrase.

% gri d-proxy-init
prints:

Ent er PEM pass phrase:

%

Y ou can set options with command line argumentsto gri d- pr oxy- i ni t ; type the command
with the - usage option to see the possibilities. For example, you can set the time for the
proxy to bein effect; usegri d-proxy-init -hours <nhours>. Whileyour proxy isin
effect, you do not have to enter your pass phrase on any Grid machine. If your proxy expires,
simply rerungri d- proxy-ini t to create anew proxy.

Destroying a Proxy
To get rid of your proxy when you are finished with it, enter gri d- pr oxy- dest r oy. The
proxy will self- destruct after 12 hours (or whatever duration you set), but it isa good ideato
destroy it yourself when you are finished.

Determining Your Proxy Status
Usegrid-proxy-info -all todisplay the contents or test the status of your proxy.
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Chapter 5 Running a Job

In this chapter you will run afew simple Globusjobs, using gl obus- j ob-run and

gl obus-j ob- subni t . Then you will run gl obusr un with an RSL (Resource Specification
Language) script. See page 30 for awhole chapter on RSL. The Globus Resource Allocation
Manager (GRAM) authenticates and processes the requests for resources for remote
application execution, and all ocates the required resources.

Commands to Run a Job

globus-job-run

gl obus-j ob- r un isthe basic command for running Globus jobs. gl obus-j ob-r un runsin
the foreground and defaults to sending output to your terminal. In its basic form, it is roughly
equivalent to r sh, but has considerably more functionality for running complex jobs on the
Grid.

globus-job-submit

globusrun

mpirun

gl obus-j ob- subni t isfor submitting jobs to a remote batch job scheduler such as LSF or
the Portable Batch System (PBS). With gl obus- j ob- subni t , you can submit ajob, log out,
and log back in later to collect the output. That is, gl obus- j ob- subni t runsin the
background and defaults to sending output to the machine running the command. Retrieve
output with gl obus- j ob- get - out put , and then clean up with gl obus- j ob- cl ean.

Thegl obusr un command runs scripts written in the Globus Resource Specification
Language (RSL). See the next chapter for details on RSL, page 30.

gl obusr un can run jobs either in the foreground or background, and can send output to your
terminal or to the machine running the command. The trend in Globus software devel opment
istoward considering gl obusr un as middleware, which can be used by application specific
shell scriptsto manage job submission. In fact, gl obus-j ob-run and gl obus-j ob- submi t
are simply shell scripts that use gl obusr un for job submission, but present asimpler interface
to users.

MPICH-G2, an implementation of the Message Passing Interface (MPI) standard based on
Globus, has an npi r un command that can be used to submit MPI parallel jobsto multiple
computersin a Grid. See note on page vi, regarding IRIX problemin 1.1.3 (fixed in 1.1.4).
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globus-sh-exec

Thegl obus- sh- exec command allows the user to run a Bourne shell script on aremote
machine without having to worry about correct paths to various UNIX commands. See page
33 and http://www.globus.org/details/programs/globus-sh-exec.html

Are You Ready to Run?

These examples assume you are logged into your Globus home. See page 14. If you have
followed the directions in the previous chapters, you have accounts on Grid resources
(computers or instruments), you have a Grid Certificate, you are in the resources
grid-mapfiles, and you have a current grid proxy.

The %in the examples indicates the Unix prompt (yours may vary); do not type it. The
backdash (\ ) in long examples means that the following line should be a continuation of the
current line; if you copy aline from this manual, be sure the backslash falls at the end of your
command line, not in the middle.

In the previous chapter, you obtained a grid proxy. Check to see if your proxy is current.
% grid-proxy-info -al

In the response fromgri d- proxy-i nf o, yourti mel ef t should have some time:
timeleft : 11:42:20

If not, reenter gri d- proxy-init.
To see that your credentials are in orders:

% gl obus-set up-test <host_name>
For example:

% gl obus-setup-test evel yn.nas. nasa. gov

May print:

Checking certificate directory .......... done
Checki ng user certificate setup ......... done
Checki ng user key setup ................. done.

Creating proxy certificate ..............
. Enter PEM pass phrase:

verify OK

....... +++++

+++++
......................................... done
Checki ng user proxy setup ............... done

Testing "jobnmanager-pbs" service on evel yn.nas. nasa. gov
Authentication test ..................... Success!
Submission test ........ ... .. ... Success!

Testing "jobmanager-fork" service on evelyn.nas.nasa.gov
Authentication test ..................... Success!
Submission test ........ ... .. ... Success!

Testing Conpl et ed!

Notice that the response tells you which job managers are currently available. The
authentication test istesting your credential; the submission test istesting the job manager. If
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you get Submi ssion test ............. Fai | ure!, or, at the bottom of the response:
No contact string found for gatekeeper <hostname>, usesome other resource. If
you get:

Aut hentication test ..................... Fai |l urel

there may be a problem with gl obus- set up-t est . Talk to the system administrator of
the resource you are trying to use, or just proceed in spite of the failure notice.

To seeif your resource is available:

% gl obusrun -a -r <your_resource>
For example:

% gl obusrun -a -r evel yn. nas. nasa. gov

If you get, "ERROR: resolving resource manager,” the Grid Information Services (see page
34) may be malfunctioning, the machine may be down, or Globus may not be running.

Onceyou haverungri d- proxy-init and gl obusrun -a -r,with successful results, you
are good to go.

Host Information

See Default Job Managers on page 28 for how to find which job manager isthe default. To
find out what hosts are on a system or other information about hosts, use the Grid Information
Service, page 34, or the website for your Grid.

globus-job-run: Hello World

The basic syntax of gl obus-j ob-run isthesameasr sh.

Syntax:

% gl obus-j ob-run <hostnane> </ path/executabl e> <argunents>
Example:

% gl obus-job-run evel yn. nas. nasa. gov /bin/echo Hello World
prints:

Hello Wrld

The Globus command (gl obus- j ob- r un) comes first, then the hostname of the machine to
run the command on (in this example, evel yn. nas. nasa. gov), then the program to run (the
Unix echo program), and then the arguments (Hel | o Wor | d) to the program. The output of
the programisHel | o Wor | d. When the job is complete gl obus- j ob- r un terminates.

Now try it on a geographically distant machine (on which you have an account). That is, from
your Globus home, run the echo command on a remote machine. The echo executable
already exists on the remote machine, as a standard Unix command. Y ou should try al of the
commands in this book on remote machines, to get afeel for moving around the Grid. First
check to seeif you are ready to run on the remote machine. Then run. For example:

% gl obusrun -a -r rogallo.larc. nasa. gov
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% gl obus-j ob-run rogallo.larc.nasa.gov /bin/echo "Hello Wrld"
See http://www.globus.org/vl.1/programs/globus-job-run.html for additional examples.

globus-job-run With Files

For these examples, you will write files to use with gl obus- j ob- r un. These are not RSL
files, and thisis not gl obusr un; these are just executables that gl obus- j ob- r un will
execute on your specified host. We have attempted to write files that will work on any system,
but if you have trouble with these files, just use your own executables. It is assumed you are
logged on to your Globus home (page 14), that is, you are logged on to the machine that has
your . pemcertificate files.

Create afilenamed hw. (Invi , usei to start inserting text, esc- col on- wg to save and quit.
Alternately, you can create the files with any editor. You can usecat to display your file.)
Thegl obus- host nane isalitera Globus command; do not substitute a host name. Thisfile
uses the standard Unix commands echo and bc (calculator). Thefirst line of your file must
start with # in the first position.

% vi hw
#!/bin/csh -f

set tools_bin = "$G.OBUS | NSTALL_PATH bi n/ gl obus-t ool s-path -bindir"

echo ""

echo -n "Hello @ obus Wrld from" ; $tools_bin/globus-host name
echo -n "sumis "

echo "scal e=4; $1+$2" | /usr/bin/bc -1

echo arg zero = $0

echo ""

[ esc- col on-wg to save and quit]

% chnpd +x hw

Then use gl obus-j ob-run to run your files. If your Globus host (hostname) is also the
machine where your hw fileislocated:

Syntax:

% gl obus-j ob-run <host nane> <pat h/ execut abl e> <ar gunent s>
For example, if hwisin your current directory:

% gl obus-j ob-run denali.nts.anl.gov hw 50 60

Prints;
Hel |l o G obus Wrld from denali.nts. anl.gov
Sumis 110
arg zero = ./hw
Staging Files

If your executable file is on your home machine (the machine from which you are issuing
Globus commands) and you wish to run that executable on aremote machine, you will need
to stage your executable. To stage your executable file hw, which resides on your home
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machine, over to aremote machine, execute it, and automatically remove the staged copy after
the program has finished, use the - s (- st age) option:

Syntax:

% gl obus-job-run <renbte host> -stage <path/executable> <arg arg>
For example, if hwisin your current directory:

% gl obus-j ob-run evel yn. nas. nasa.gov -stage hw 4 6
prints something like:

Hel |l o d obus World from evel yn. nas. nasa. gov
sumis 10
arg zero = /u/wal atka/. gl obus/. gass_cache/ gl obus_gass_cache_984165472

The-st age option temporarily puts your executable on aremote machine. Note that $0
returned the path to the staged executable. To copy filesto or from a remote machine, as
opposed to just staging them, use gl obus- r cp. See page 36.

Numbering Arguments

Note the numbering of the command line elements. $0 is the executable that is being passed to
the Globus command. The next element (50) is $1, and so forth. The host name can be
retrieved with the Globus command gl obus- host nane. Notice how the command and
variables are used in the file you wrote.

% gl obus-j ob-run denal i . nts. anl . gov hw 50 60
$0 $1 %2

Subjobs and Multiple Commands

Subjobs

Now make some new files, j obA, j obB, and j obC. You can usecat to view your file.

% vi j obA
#!/bin/csh -f

set tools_bin = "$G.OBUS | NSTALL_PATH bi n/ gl obus-t ool s-path -bindir"

echo ""

echo -n "I amjob Aon " ; $tools_bin/globus-hostnane
echo -n "Sumis "

echo "scal e=4; $1+%$2" | /usr/bin/bc -I|

echo arg one = $1

echo arg two = $2
echo ""

Back on the Unix command line:

% sed 's/job Aljob B/’ jobA > jobB
% sed 's/job Aljob T’ jobA > jobC
% chnod +x j obA jobB jobC

%ls -1 jobA jobB jobC

- TWX-=----- 1 wal atka nrj 249 Mar 8 18:04 jobA
WK - - - - - 1 wal atka nrj 249 Mar 8 18:33 jobB
S PWK- - - - - - 1 wal atka nrj 249 Mar 8 18:33 jobC

To start amulti-request with subjobs, the - : delimiter denotes the start of each subjob. (If no
path is given, and files are not staged, the executables are assumed to reside in your home
directory on each of the remote hosts.) The —np option states the number of processorsto use.
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% gl obus-j ob-run -args 3 5\

-: evel yn. nas. nasa. gov -np 2 -stage ./jobA\
-: pitcairn.nts.anl.gov -np 2 -stage ./jobB 8 9\
-: denali.nts. anl.gov -stage ./jobC

prints something like:

I amjob A on evelyn.nas. nasa. gov
Sumis 8
arg one = 3
arg two = 5

| amjob A on evel yn. nas. nasa. gov

Sumis 8
arg one = 3
arg two = 5

| amjob B on pitcairn.nts.anl.gov

Sumis 17
arg one = 8
arg two = 9

| amjob B on pitcairn.nts. anl.gov

Sumis 17
arg one = 8
arg two = 9

| amjob C on denali.nts.anl.gov

Sumis 8
arg one = 3
arg two = 5

[As of 2001-03-08, you may get a DUROC error message.] Parameters can be given job-wide
(with the - ar gs option). These parameters can be overridden at a per-subjob level. In the
above example, the executable running on pi t cai r n gets two other arguments to sum up.

Y ou may find that your results vary. Experiment with changes to the command.

Multiple Commands
To run multiple commands on the same machine, use this syntax:

% gl obus-j ob-run <hostname> /bin/sh -c \
"commandl ; conmand2"
For example:

% gl obus-job-run icol6. nts.anl.gov /bin/sh -c \
"cd foo ; Is -I"
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Batch Job Submissions

gl obus-j ob- subni t issimilar to gl obus-j ob- r un, but isintended for batch job
submission. Y ou can remotely submit ajob to a scheduling manager such as PBS, log out, and
log back in later to collect the output. gl obus- j ob- subni t defaultsto caching the output on
the remote machine, for later manual retrieval using the gl obus- j ob- get - out put
command. Viaacommand line interface, you can submit jobs to any single resource; multi-
resource requests are not supported. To see the options use gl obus-j ob- submnit - hel p.
The - maxt i me option sets the maximum number of minutes to run the job—wall or cpu time,
depending on how the host is set up. (gl obus-j ob- submi t is sometimes broken.)

Globus-job-submit Examples
If you copy and paste, beware of missing hyphens (- ) and misplaced backslashes (\ ).

% vi pi-test

#!/bin/csh -f

echo "The value of pi to $1 decinmal places is approxi mately "
echo "scal e=$1; 4*a(1)" | /bin/bc -I

% chnmod 740 pi-test

% gl obusrun -a -r evel yn. nas. nasa. gov

% gl obus-j ob-subnit evel yn. nas. nasa. gov/j obmanager - pbs \
-maxtinme 20 —-stage ./pi-test 30

Prints, for example:

https://evel yn. nas. nasa. gov: 13196/ 10323394/ 974139820/
%

The https URL returned by gl obus- j ob- subni t isthe job contact string, which uniquely
identifies the job. Make a note of the url before moving on (saveitin afile). The extra%
denotes that this command returns immediately after submission. Use the URL to get
status/output from your job. If gl obus- j ob- get - out put doesn’t work, see aso Retrieving
Output, below.

Syntax:

% gl obus-j ob-status <url >

% gl obus-j ob-get - out put <url >

For example:

% gl obus-j ob-get - out put \

https://evel yn. nas. nasa. gov: 13196/ 10323394/ 974139820/
Another globus-job-submit example:

% gl obus-j ob-subnit icol6.nts.anl.gov -np 32 -maxtine 120 jobA 6 8
prints something like:

https://icol6. nts. anl.gov: 60106/ 17916/ 942265377/

%
This example submits a request for 120 minutes of compute time on 32 nodes to the scheduler
onthe IBM SP at Argonne National Laboratory. If the scheduler is the default job manager on
your requested resource, you do not need to specify it.
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gl obus-j ob- submi t cachesthe output at the remote site. Y ou can override this by
specifying - st dout and - st der r . See Retrieving Output, below. See also
http://www.globus.org/v1.1/programs/globus-job-submit.html.

globusrun

The globusrun command runs scripts written in the Globus Resource Specification Language
(RSL). Below, RSL isdiscussed briefly; see also the chapter on RSL, page 30. The RSL script
may be entered on the command line, or saved as afile. Hereisan RSL script that could be
saved ashel | 0. rsl .

& (count=1)
(execut abl e=/ bi n/ echo)
(arguments="Hel |l o G obus World")

Using the globusrun Command
Torunthehel | 0. rsl script shown above, use gl obusr un.

% gl obusrun —s -r <host nane> -f hello.rsl

After the Unix prompt, enter gl obusr un with the - s option to send output to stdout. Use the
- r option to indicate that a resource name follows. The - f option indicates a filename
follows, then your filename. For example:

% gl obusrun —-s -r evel yn.nas. nasa.gov -f hello.rsl

“Hello Globus World” ought to appear on your screen. Are you having problems? See Ready
to run, above.

Optionally, aresource name takes the form <host nane>/ j obmanager - <schedul er

t ype> if you want to specify a service other than the default, which is usually fork. For
example, a service name of “j obmanager - pbs” would be used to submit ajob to aPBS
scheduler.

gl obusr un takes your RSL script and parcelsitsinstructions out to specified resources. The
RSL script by itself is aresource specification, not an executable. 1n addition to starting jobs,
gl obusr un can be used to list previoudly started jobs, query the status of previoudy started
jobs, parse RSL request strings, and perform authentication tests to GRAM gatekeepers. Type
gl obusrun - hel p to see the options.

Note: The gl obusr un command does not use the —st age option; with gl obusr un, the—s
option starts a GASS server (see, page 36) for moving files. The variable

$( GLOBUSRUN_GASS URL) can be used to accessfileslocal to the submission machine via
GASS; see examples below. Also, you can use gl obus- r cp, to move files from one machine
to another.

Mor e globusrun Examples

Example One

% gl obusrun -s -r pitcairn.ncs.anl.gov ' &(executabl e=my_prog’

Resolve the contact string for the fork job manager service on host pitcairn, and then submit
the program ny_pr og to that resource. The standard output and standard error of ny_pr og
will be displayed by gl obusr un.
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Example Two

% gl obusrun —s -r icol6. nts. anl. gov/j obrmanager - easynts \
" &(execut abl e=$( GLOBUSRUN_GASS URL)/usr/ 1l ocal / my_prog) \
(stdout =/tnp/outputl)(stderr=/tnp/errorl)(count=3)’

The —s option starts a GASS server; see page 36. Submit three copies of the local program
/usr/local/ ny_prog tothe EASY scheduler ati col6. nts. anl . gov, and send the
output to theremote / t np directory.

Example Three

% gl obusrun —w -r pitcairn.ncs.anl.gov \
' &(execut abl e="$( GLOBUS_TOOLS_PATH) / bi n/ gl obus-url -copy") \

(arguments="file:/tnp/ nmyout.1" $(GLOBUSRUN GASS URL)/t np/ nyout. 1)’

Copy afile from pitcairn to the local host, using the GASS transfer protocol. The - woption
gives the remote process write permission on the local GASS server started by gl obusr un.
Note that because the colon () isareserved RSL character, the first argument must be quoted.
See the next chapter and _http://www.globus.org/gramv/rsl_specl.html for more information.

Checking, Killing, Retrieving, and Cleaning Jobs

Is My Job Running? What is My Job ID?
In general, if your Unix prompt has not returned after agl obus- j ob- r un or gl obusr un
command, your job is still running. Y ou can use Globus to remotely run a Unix command
such as ps, which printsinformation about active processes. Remote access without login!
% gl obus-j ob-run <hostnane> /bin/ps -u <usernanme>"
Example:

% gl obus-job-run rogallo.larc.nasa.gov /bin/ps —u wal atka
Note: the location and command-ine arguments of ps may vary across systems.

To query the status of a batch job, enter gl obus- j ob- st at us followed by the job contact
string URL (see Batch Job Submissions above). For example:

% gl obus-j ob-status \
https://icol6.nts. anl.gov: 60106/ 17916/ 942265377/

The different states are PENDING (waiting in the queue), ACTIVE (running), SUSPENDED,
DONE, and FAILED.

See also http://www.globus.org/hbnm/heartbeat_spec.html for information on the HeartBeat
Monitor, asimple, highly reliable mechanism for monitoring the state of processes.

Retrieving Output
Y ou can retrieve the cached output from a batch job while the job is running, or after; use the
https URL that was returned when you submitted the job.
% gl obus-j ob- get - out put \
https://icol6.nts. anl.gov: 60106/ 17916/ 942265377/
should print something like:

ny_id O nunprocs 32, sum = 14 : now sl eeping for 90 m nutes
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ny_id 1 nunprocs 32, sum
ny_id 2 nunprocs 32, sum
[...]
Sometimes gl obus- j ob- get - out put does not work or is not available. In that case, you
could use Globus to access the remote machine without logging in. For example (substitute
your hostname):

14 : now sl eeping for 90 ninutes
14 : now sl eeping for 90 ninutes

% gl obus-j ob-run icol6.nts.anl.gov /bin/sh -c \
"cd .globus/.gass_cache ; Is -I"

Prints something like:

- T WKT - XT - X 1 walatka nrj 1223 Dec 20 15:31 gl obus_gass_cache_977355133

- T WKT - XT - X 1 walatka nrj 31 Dec 20 15:31 gl obus_gass_cache_977355134
The files whose names start with gl obus_gass_cache_ (and with the right date-time) are
the output from your gl obus- j ob- submi t command. The number before the date gives the
size of thefilein bytes. Note that in some cases, not _r eady will be appended to the
filenames. To copy the output into your current directory, use gl obus- r cp, with your
hostname followed by acolon (:) and the path . gl obus/ . gass_cache/ followed by the
filename, followed by a space and then a dot (dot=current directory). The filenameis
gl obus_gass_cache_ appended with the last number in the URL that was returned when
you submitted the job (you saved that, right?).

Syntax:

% gl obus-rcp host nane: . gl obus/. gass_cache/fil enane .

For example:

% gl obus-rcp \

turing. nas. nasa. gov: . gl obus/. gass_cache/ gl obus_gass_cache 980883383 .
See more about moving remote filesin GASS Options, page 36.

Killing a Job

If you interrupt the gl obusrun or gl obus-j ob-run process (by entering CTRL-C or
sending it a SIGINT), your jobs should automatically be cancel ed.

Thejob cancellation routines (triggered by CTRL-C or SIGINT) have atimeout to allow an
intelligent job to cleanup. Therefore, you should expect some delay before the globusrun or
globus-job-run process exits. Don't interrupt this cleanup by typing CTRL-C again.

Canceling/Cleaning a Job
To cancel ajob, use gl obus-j ob- cancel with the contact string; for example:

% gl obus-j ob-cancel \
https://icol6.nts. anl.gov: 60106/ 17916/ 942265377/

which prints:

Are you sure you want to cancel the job now (Y/N ? vy

Job cancel ed.

NOTE: You still need to clean files associated with the job by

runni ng gl obus-j ob-cl ean <j obl D>

Cached output from the job is not removed. Y ou can still use gl obus- j ob- get - out put to
retrieve it after you have cancelled the job. The —f or ce option bypasses the interactive
prompt.
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To cancel ajobif it isstill running and remove the cached output from the remote host, enter:

% gl obus-j ob-cl ean https://icol6.nts. anl.gov: 60106/ 17916/ 942265377/
which prints:

WARNI NG Cl eaning a job means:
- Kill the job if it still running
- Renove the cached output on the renote host

Are you sure you want to cleanup the job now (Y/N ? vy
Cl eanup successful.

Note: Globus does not routinely clean up the cached output files of completed jobs; you need
to periodically rm gl obus_gass_cache_* inthe. gl obus/. gass_cache directory on
the machine to which you submitted the job(s).

Default Job Managers

Old way:

% gl obus-job-run evel yn. nas. nasa. gov/ j obmanager -fork
New inversion 1.1.3;

% gl obus-job-run evel yn. nas. nasa. gov

Resource contact strings, also called “job contact strings,” are the part of the Globus command
line where you specify which host to use, for example, evel yn. nas. nasa. gov. Resource
contact strings for default job manager services are no longer routinely suffixed with

/ j obmanager - <ser vi ce- name>. For example, resource contact strings for “fork”
services are no longer suffixed with / j obmanager - f or k if fork isthe default job manager. If
you do not specify ajob manager in your gl obusr un, gl obus-j ob-run, or gl obus-j ob-
submi t command, your job will be submitted to the default job manager on the remote
system, which is often fork.

Use gl obus- set up-t est to seewhat job managers are available on your resource. To see
which job manager is the default, check your Grid’s web pages, usually under Resources.
Alternately, you can run a globus job to check the Globusfiles. Substitute your resource for
whi t conb. | ar c. nasa. gov in the example below; the default job manager name will follow
-t ype inthe response:

% gl obusrun —s -r whitconb. | arc. nasa. gov \
' & execut abl e=/bin/cat) \
(ar gunent s=$( GLOBUS_DEPLOY_PATH) / et c/ gl obus- servi ces)’

If you want to specify a non-default jobmanager, do so by appending / j obmanager and the
name of the job scheduler, such as/ j obnanager -1 sf or /j obmanager - pbs, to the
hostname. For example:

% gl obus-job-run evel yn. nas. nasa. gov/j obnanager - pbs \
/bin/fecho "Hello World."

What Happens When You Submit a Job

Thisisacomplicated process, but in streamlined form it looks like this:

1. Yourungl obusrun with an RSL script (or gl obus-j ob-run or gl obus-
j ob- submi t ) and specify where to run.
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2. The Globus command contacts something called a “ gatekeeper” on the remote
host and performs mutual authentication. This means that the remote host knows
who you are, and you know who the remote host is.

3. The gatekeeper (on the remote host) contacts a job manager service with your
request. The job manager will decide how to run your job depending on the
service name that is used. If you did not specify a service, the default serviceis
used, usually “fork,” which will run the job immediately. If you specified ajob
scheduler (e.g., /j obmanager - pbs), your job will be submitted to the scheduler
and will run as the scheduler allows. See page 28, “Default Job managers.”

4. Your job completes.

Globus Resource Allocation Manager

The Globus Resource Allocation Manager (GRAM) authenticates and processes the requests
for resources for remote application execution, and allocates the required resources. It also
prints updated information regarding the capabilities and availability of computing resources
to the Grid Information Service (see page 34).

GRAM provides an API for submitting and canceling ajob request, as well as checking the
status of a submitted job. Y ou write the specifications on the command line, or in a Resource
Specification Language (RSL) script. The specifications are processed by GRAM as part of
the job request.

Y our program can call the GRAM C API directly and supply it with an RSL.
GRAM manages jobs that use only one resource. For more information, see

http://www.globus.org/gram For atutorial, see
http://www.globus.org/gram/tutorial_gssapi_ssleay.html

The commands in this chapter are “GRAM tools.”
Dynamically Updated Request Online Co-allocator

Dynamically Updated Request Online Co-allocator (DUROC) co-allocates multiple resources
and manages multiple GRAM jobs. See http://www.globus.org/duroc for more information.

| DURCC |

(GRAM) (GRAM) (GRAM)
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Chapter 6 Globus Resource
Specification Language
(RSL)

The Globus Resource Specification Language (RSL) provides a common language to describe
jobs and the resources required to run them. The Globus Resource Allocation and
Management (GRAM) and DUROC components both use RSL.

Practical RSL

The easiest way to learn RSL isto start with examples and modify them to suit your needs.
Thegl obus-j ob-run tool’s- dunpr sl option can convert command-line arguments into
RSL. Using thisfeature, you can create sample RSL expressions. Again, if you copy and
paste these examples to your command line, watch out for missing hyphens (- ) or misplaced
backslashes (\ ).

For example:

% gl obus-j ob-run —dunprsl evel yn. nas. nasa. gov \

/ bin/echo "Hell o, d obus world."

Prints:

&( execut abl e="/ bi n/ echo")
(argunents="Hel l o, d obus world.")

The command tells gl obus- j ob- r un to print an RSL expression describing the job it would
have submitted if the —dunpr sI option had not been specified. This RSL script defines the
program to be executed (/ bi n/ echo) and the arguments to the program (the string " Hel | o,
d obus world."). Any gl obus-j ob-run command can be converted to RSL in asimilar
manner.

Once you have an RSL expression, you may use the gl obusr un command to submit the
corresponding job. Thegl obusrun —r option specifiesthat a resource name follows. The
following command demonstrates how to use the RSL expression above.

% gl obusrun —r evel yn. nas. nasa. gov \
' & execut abl e=/ bi n/ echo) (ar gunment s="Hel | o, d obus world.")’

Note that white space and newline characters within an RSL string are typically ignored unless
they appear within quotes. Experimenting with other gl obus- j ob- r un commands will allow
you to infer how RSL works. Keep in mind, however, that using the gl obus-j ob-run
command in this way will show you only alimited set of RSL’s features.

Globus Quick Start Guide 30
Software Version 1.1.3 & 1.1.4 June 2001



RSL Syntax

This section provides an abbreviated overview of RSL, covering the most common uses.
Some advanced features of RSL are presented here in simplified form or are not represented
here at all.

The simplest RSL expression looks something like the following.

&( execut abl e=/ bi n/ I s)
The expression above simply specifies an executable program to be run. No arguments are
provided, and no specification is made regarding the resource on which thisjob should be run.
Thistype of simple expression is known as arelation. Relations associate an attribute name
with avalue. Inthis case, the attribute execut abl e isassociated with the string / bi n/ | s.
Thistells GRAM and DUROC toolsthat / bi n/ | s isthe program to be run whenthe job is
executed.

While the expression above is syntactically correct, RSL expressions nearly always include
more than one relation. Relations can be combined in a single expression using a conjunction.
A conjunction looks like this:

&relation 1)(relation 2).(relation n)
Any number of relations can be listed after the & symbol. All relations must appear within
parenthesis. All of the relations are assumed to apply to asingle resource. For example:

& execut abl e="/bin/ls")(arguments="-1")

GRAM Attributes

Some of the relations that GRAM and DUROC tools understand are listed below. Note that
RSL attribute names are case-insensitive; for example, you can use (maxcputime=10) rather
than (maxCpuTime=10). See also http://www.globus.org/gram/gram_rd_parameters.html

Relation Example M eaning
(execut abl e=stri ng) (execut abl e="/bin/ls") An executable
program file
(argunents=list) (argunents= -1 -d .) Arguments to
the program
(directory=string) (directory="/tnmp") Thejob's
active
directory
(environment =l i st) (environment = Environment
(LD_FLAGS "-0") variables to be
(COPTS "-g —")) set for the job
(stdin=string) (stdin=/tnp/cmds) Where st di n,
(stdout =string) stdout, or
(stderr=string) stderr
should come
from/go to
(can befiles or
URLS)
(count =i nt eger) (count =5) The number of

processes to be
run (default is
1)
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(host Count =i nt eger) (host Count =2) The number of
CPUson
which to run
the processes

(maxCpuTi me=i nt eger) (maxCpuTi me=10) Maximum
CPU run time
in minutes

(maxMenor y=i nt eger) (maxMenor y=100) Maximum
memory per
processin
megabytes

('mi nMenor y=i nt eger) (mi nMenor y=5) Minimum
memory per
processin
megabytes

(j obType=stri ng) (j obType=condor) Specifies how
to start the
processes
within the job

Resource Co-allocation

The DUROC component of the Globus Toolkit allows resources to be co-allocated for asingle
job. That is, multiple resources can be allocated simultaneously for asingle job and used in
paralel. Co-allocation is specified in RSL using the + symbol. For example:

+( & r esour ceManager Nanme=f | ash. cs. uchi cago. edu)
(count =1)
(execut abl e= ny_appl)

(&(resour ceManager Nane=t f gl obus. sdsc. edu)
(count =2)
(execut abl e=ny_app2)

The above example specifiesasingle job that will involve one process running on a computer
at the University of Chicago and two processes (using a different executable file) running on a
computer at the San Diego Supercomputer Center.

Additional Information

This section presented the most commonly used features of RSL. Advanced features are
described further in the following places.

http://www.globus.org/gram/gram rd_parameters.html  Conpl et e paraneter |i st
http://www.globus.org/gram/ Details on GRAM and RSL
http://www.globus.org/duroc/ Details on DUROCC and RSL
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RSL With Shell Script

The examples in this section show a brief Bourne shell script that invokes an RSL script that
invokes a Bourne shell script that runs an application, Overflow-d2.

The gl obus- sh- exec command allows the user to run a script on aremote machine without
having to worry about correct paths to various UNIX commands. See
http://www.globus.org/detail §/programs/globus-sh-exec.html

gl obus- sh- exec aso recognizesa GASS URL as script argument, and handles it correctly.
Additional optional arguments are passed on to the user-provided script.

The First Shell Script
This shell script, named pl at f or m_i ndependent . sh1, usesgl obusr un with the RSL
script named pl at f or m i ndependent . rsl .

#! /bin/sh

$CGLOBUS_PATH gl obusrun -s -r evel yn. nas. nasa. gov -f \
pl at f orm_i ndependent.rsl &

The RSL File
This RSL script is named platform_independent.rsl

&
(count =4)
(maxTi ne=20)
(j obType=si ngl e)
(directory=/scratchl/yarrow RSLtest)
(execut abl e=/ usr/ pr g/ pkg/ gl obus/ 1. 1. 3/t ool s/ m ps-\
sgi-\irix6.5/bin/gl obus-sh-exec)
(argunents=/u/yarrow t c/ A obus/ pl at f or m_i ndependent . sh2)
(st dout =pl at f or m_i ndependent . out)
(stderr=pl atform.i ndependent.err)
(environment =( GASS_URL $( GLOBUSRUN_GASS URL))
( OSNAME $( GLOBUS_HOST_OSNAME) ) )

The Second Shell Script
This shell script, named platform_independent.sh2 is called by the RSL above.

SOURCEFI LE=/ scr at chl/ yarrow X38. gl obus. 6. copy/al |l .tar

EXECPROG=/ scr at chl/yarrow Overfl owd2.0. 7. restore/ Overfl owd2. 0. 7/\
over f | owd2. ${ OSNAME}

GLOBUS_PATH=/ usr/ pr g/ pkg/ gl obus/ 1. 1.3/tool s/ m ps-sgi-irix6.5/bin
$GLOBUS_PATH gl obus-url - copy ${ GASS_URL} ${ SOURCEFI LE} - | tar \

xf - $GLOBUS_PATH gl obus-url -copy ${GASS URL}${ EXECPROG - | cat >\
over f | ow exec

chnod u+x overfl ow exec

mpirun -np 4 ./overfl ow exec

The shell script is getting npi r un to start Overflow-d2 as a four-processor parallel job.
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Chapter 7 Grid Information Service

The Grid Information Service (GIS) contains information about the state of the Grid
infrastructure. GISisageneral term that includes the Metacomputing Directory Service
(MDS). “GIS’ and “MDS’ are often used interchangeably; definitions are still being resolved.
Usethe Globusgri d-i nf o-* commands to gather information from the GIS. This chapter
does not address initialization or population of information into the GIS.

Terminology

Tools

GIS (MDY) isaservice that allows the storage of information about the state of the Grid
infrastructure. One of its servicesisto publish information via LDAP (Lightweight Directory
Access Protocol), a protocol used to locate resources in a network.

The GIS information service has the ability to function as a white pages directory—for
retrieving information associated with a particular name ("distinguished name"). Examples for
such lookups are the number of CPUs and the operating system associated with a particular
machine. The GIS also functions as a yellow pages directory—for retrieving alist of
categorized entities. Such categories are defined by "object classes." Examples of such
categories are lists of computers or people.

A powerful extension to the white and yellow pages function of the directory is the ability to
augment the lookups with sophisticated Boolean search filters.

The most important change in the GIS/MDS from 1.1.2 to 1.1.3 is that the Globus group no
longer runs a centralized MDS server. That means that each site optionally will have its own
organization server, which is used for any searching commands.

Globus version 1.1.3 introduces two subsets of GIS: the Grid Resource Information Service
(GRIS) and the optional Grid Information Index Service (GIIS). The new GIS model is push
rather than pull, and will cache information from resources within a particular organization.
For more information, see: http://www.globus.org/mds, and

http://www.globus.org/tool kit/downl oad/info-113.html

See http://www.globus.org/mds for GIS search tools other thanthe gri d- i nf o-* commands.

grid-info-search

Thecommand gri d-i nf o- sear ch alows searches on the GIS server based on search filters
that conform to LDAP searches. The format is:

grid-info-search [ options ] <search filter> [attributes ]
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To see the options available, and find out your host and port information, type:

%grid-info-search -help

Tolist al distinguished names along with al attributes of the compute resources that are
stored in the directory under the local organization:

% grid-info-search "(objectclass=d obusConput eResource) "

To view information from other organizations, you must know the host and port of the GII1S
server at that organization, and include the - ndshost or - h <host>, - ndsport or-p
<port>, and -b <base> optionsto grid-i nfo-search. For exanple:

% grid-info-search -h gis.ipg.nasa.gov -p 389 -b "o=gl obus, c=us"
" (obj ect cl ass=3 obusConput eResour ce) "

To list al distinguished names of the compute resources that are stored under the local
organization, along with the operating system type of each:

% grid-info-search "(objectclass=d obusConput eResource)"” dn ostype
To list the systems that have contact strings, and various types of job managers:

% grid-info-search -h gis.ipg.nasa.gov -p 389 \

"(obj ect cl ass=A obusSer vi ceJobManager) "
To restrict the attributes that are output, list them at the end of thegri d-i nf o- search
command. Search filters are specified in Polish notation where & is the Boolean and operator
and | istheBoolean or operator. It isagood practice to restrict the searches to objectclasses
of interest in order to minimize the duration it takes for a query to return. As a general rule of
thumb, the more precise the query, the shorter the response time. Tip: you also can use the
Unix gr ep command to narrow your gr i d- i nf o- sear ch results. For example, to list
hostnames:

% grid-info-search "(objectclass=*)" | grep "objectnane=service"

The new org DN namespace is the "domain component” explosion of the site’'s DNS domain
under the "o=Grid" root; e.g., mcs.anl.gov becomes "dc=mcs, dc=anl, dc=gov, 0=Grid" or
isi.edu becomes"dc=isi, dc=edu, o=Grid".
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Chapter 8 Accessing Remote Data

Globus Access to Secondary Storage (GASS) provides programs and C APIs for remotely
accessing data. This chapter describes how to start a GASS server, and how to use gl obus-
ur | - copy to transfer datato and from GASS servers. GASS programs allow data to be easily
transferred from one machine to another.

GASS Options

GASS provides programs and C APIs for remotely accessing data. Several commands and
programs support secondary storage functionality.

globus-rcp

gl obus-rcp isthe recommended command for remote file transfer. The gl obus-r cp isthe
functional equivalent of the Unix r cp program, but uses GASS to perform its remote data
transfer. You do not need to start agl obus- gass- server by hand to use gl obus-r cp.
Instead, gl obus- r cp will use GRAM to automatically start and stop remote GASS servers
and clients for you. An example:

% gl obus-rcp evel yn. nas. nasa. gov:/tnp/foo /tnp/bar

Here the /tmp/foo file on evelyn is copied to the /tmp/bar on the machine running this
command.

globus-gass-server

Thegl obus- gass- server programis used to make the data on one computer available to
remote clients. To run, enter:

% gl obus-gass-server &
prints

https://evel yn. nas. nasa. gov: 20143

This sets up your machine to serve filesto remote clients. The https URL that is output by the
GASS server contains the host and port on which this server is listening for requests. It is used
by clients to transfer data to and from this machine viathe GASS server. The ampersand (&)
runs the process in the background, returning your Unix prompt.

globus-url-copy
Thegl obus-ur | - copy command is used to remotely access files from GASS servers, or
from other serversthat speak the http or https protocols (e.g., a web server). The general form
of gl obus-url -copy is
% gl obus-url -copy <fromJRL> <t oURL>
Examples:
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% gl obus-url-copy https://evel yn. nas. nasa. gov: 20143/t np/ f oo \
file:/tnp/bar

% gl obus-url -copy https://evel yn. nas. nasa. gov: 20143/t np/ foo -

In these examples, the <f r omMJRL> is composed of the base URL that was returned by the

gl obus- gass-server (https://evel yn. nas. nasa. gov: 20143), followed by the path
of afileaccessibleto gl obus- gass-server (/tnp/foo). Inthefirst example, the

/ t np/ f oo fileisremotely transferred from evel yn to alocal file named / t np/ bar
(file:/tnp/bar). Inthe second example, the single dash (- ) copies the contents of the
remote / t np/ f oo fileto st dout .
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Chapter 9 Globus Commands

This chapter shows you the commands available in Globus 1.1.x. On your Unix command
line, type a Globus command followed by the - usage option to get help. The commands
begin with either gl obus or gri d. You will find information on the complete set of
command-line programs in the Globus Toolkit at http://www.globus.org/v1.1/programs.

Remember that you can use Globus to run Unix commands or your own executables on remote
machines without remote login. Refer to the command information in Chapter 5, page 18.

Globus 1.1.3 Tools

The following tools are available in <your-globus-tools-path>in the Globus Toolkit version
1.1. For usage information, including options available, type the command name with the

- usage option. See aso http://www.globus.org/v1.1/programs.

Security

grid-cert-request

Creates a new certificate request and private key. Ask your Globus
administrator whether to use this command or alocal alternative.

grid-cert-info

Displays certificate information.

grid-cert-renew

Creates a new key and renewal request for a Globus certificate.

gri d- change- pass-
phrase

Changes the pass phrase that protects your private key.

grid-proxy-init

Creates a proxy certificate that can be used for authentication without
having to reenter the protecting pass phrase for each resource.

grid-proxy-info

Displays proxy certificate information. Use—al | option.

gri d- proxy-destroy

Removes your proxy certificate.

Job Submission

gl obusrun

Runs a single executable on aremote site with RSL script.

gl obus-set up-test

Verifies available job managers and your setup of credentials.

gl obus-j ob-cancel

Cancelsajob previously started using gl obus- j ob- subnmi t.
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gl obus-j ob-run

Allowsyou to run ajob at one or several remote resources. It
trandlates the program arguments to a RSL reguest and uses
gl obusr un to submit the job.

gl obus-j ob-cl ean

Killsthejob if it is still running and cleans the information concerning
thejob.

gl obus-j ob- get - out put

For the job specified, gets the standard output or standard error
resulting from the job execution. (If broken, see page 26.)

gl obus-j ob-stat us

Display the status of the job. See dso gl obus- get - out put to check
the standard output or standard error of your job.

gl obus-j ob-subm t

For batch job submission (i.e., submitting ajob to a queue via some
local scheduling manager like PBS).

Information Services

grid-info-add

Modifies the GIS server based on the contents of input file.

grid-info-host-search

Searches the GIS on a specified machine.

grid-info-renove

Seegri d-i nf o- add.

grid-info-search

Searches the GIS.

grid-info-site

Searches all machines associated with a given site.

grid-info-update

Seegri d-i nf o- add.

Other Tools

gl obus- host nane

Thisisasimple shell script that acts like the Unix host name
command.

gl obus-
host nane2cont act s

Converts a hostname to a list of resource manager contact strings.
May be brokenin1.1.3and 1.1.4.

gl obus- net st at

Hides the implementation-specifics of net st at and reformats the
output to be consistent across architectures, producing a subset of
UNIX System V net st at output.

gl obus- sh-exec

Allows the user to run a script on a remote machine without having
to worry about correct paths to various UNIX commands.

gl obus-version

Shows version number.

gl obus- devel opnent -
pat h

Prints the full path to the "development” directory (include files
and libraries) that corresponds best to the flavor indicated by the
command-line options (pthreads, debug, 64-bit, support for SHM,

)
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gl obus-install-path

Prints the full path to the Globusinstall tree.

gl obus-rcp

Remote copies using GASS and Globus submission. Many
options.

gl obus-tool s-path

Prints the full path to the tools directory in the Globus install tree,
tailored for the current architecture.

gl obus-servi ces-path

Prints the full path to the services directory in the Globus install
tree, tailored for the current architecture.

gl obus-til de- expand

Expands the leading tilde sign (~) (and the specified username if
provided) to the full path of your home directory.
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Chapter 11 Glossary

DUROC
Dynamically Updated Request Online Co-allocator

GASS
Global Accessto Secondary Storage (remote file management)

GIS

Grid Information Service (formerly/also MDS, Metacomputing Directory Service) for
locating and distributing characteristics of resources. Accesses the white pages and
yellow pages served by LDAP. Used with a set of commands each beginning with
grid-info-. See http://www.globus.org/mds

Globus

The Globus Project is a community effort, led by Argonne National Laboratory and the
University of Southern California s Information Sciences Institute. Globus is devel oping
the basic software infrastructure for computations that integrate geographically
distributed computational and information resources. http://www.globus.org

GRAM

Globus Resource Allocation Manager
http://www.globus.org/gram

Grids
Widely distributed networks of high-performance computers, stored data, instruments,
and collaboration environments.
http://www.globus.org/research/testbeds.html

HBM

HeartBeat Monitor that checks if a processisalive. The Globus Heartbeat Monitor
(HBM) is designed to provide a simple, highly reliable mechanism for monitoring the
state of processes. The HBM is designed to detect and report the failure of processes that
have identified themselves to the HBM.

http://www.globus.org/hbm/heartbeat _spec.html

help
Type any command with the - usage or - hel p option for online help.

LDAP
Lightweight Directory Access Protocol, for accessing information about hardware,
software, and status in a networked environment. Directory-server software available
from numerous sources. http://www.globus.org/mds
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LSF
Load Sharing Facility, batch processing software.

Maxtime
Maximum time a job should be allowed to run. Refersto wall clock time on some
systems, CPU time on others.

MDS
Metacomputing Directory Service, an aspect of GIS, http://www.globus.org/mds

MPI

Message Passing Interface, the industry-wide standard protocol for passing messages
between parallel processors.

MPICH
A portable MPI model implementation.

MPICH-G2
Message Passing Interface for wide-area networks; the Globus version of MPI. MPICH-
G2isin Globusversion 1.1.4 and up; previous versions use MPICH-G. See
http://www.niu.edu/mpi/

PBS

Portable Batch System. Flexible batch processing software that operates on networked,
multi-platform Unix environments, including heterogeneous clusters of workstations,
supercomputers, and massively parallel systems. See http://www.pbspro.com/, or
http://pbs.mrj.conv.

resources
Computers, instruments, and immersive environments; machines.

RSL

Resource Specification Language. A language that can be used with tools such as
gl obusr un to specify resource requirements, such as what executable(s) to use,
arguments to pass, €etc.

usage
Type any command with the - usage or - hel p option for online help.
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fabric, 10
services, 8, 10
Grid Certificate, 13
Grid Information Service (GIS), 10, 34
Grid Security Infrastructure (GSI), 10
grid-proxy-init, 17
Grids, contact information, 9, 13, 15
-help command, 11
home, 14
identification, 13
information commands, 34, 39
IPG, 13
jobmanagers
default, 28
jobs
available systems, 10
batch, 18, 24, 26
commands list, 38
examples, 21
killing a process, 27
running, 18, 28
status of, 26
syntax of commands, 20
using Resource Specification Language, 30
Kesselman, Carl, 41
kill ajob, 27
killing ajob, 26
LDAP (lightweight directory access protocol), 34
library service, 10
lightweight directory access protocol. See LDAP
local machine, 14
man page, 11
Metacomputing Directory Service (MDS), 34
multiple commands, 23
National Technology Grid, 14
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new features, 6

New inVersion 1.1.3, 28

NPACI, 14

Output, retrieving, 26

OVERFLOW, 33

overview, 7

passphrase, 15, 17

pemfiles, 16

permissions, changing, 16

proxy, 17

proxy credential, obtaining, 17

quick start, 7

readers, 11

ready to run, 19

Resource Specification Language (RSL), 30, 33
resources, information, 41

resources, requesting and allocating, 18, 29

RSL, 30

running?, 26

searches, 34

security, 10, 12
commands list, 38
public key, 17

shell script example, 33

staging, 21

subjobs, 22

support, 11

testbeds, 9

Unix, 11

usercert.pem, 15

userkey.pem, 15

www.globus.org, 41
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